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Abstract
Background Various methods of reconstruction after
laparoscopic distal gastrectomy (LDG) have been devel-
oped and published, whereas only a limited number of
reports are available on the utility of the delta-shaped
anastomosis (Delta). This study compared Delta and Roux-
en-Y anastomoses (RY), with the aim to clarify the utility
of Delta.
Methods Stage 1 gastric cancer patients who had under-
gone LDG with Delta (group D, n = 68) and those who
had undergone LDG with RY (group RY, n = 60) were
compared in terms of operative outcomes, postoperative
clinical symptoms, gastrointestinal fiberscopic findings,
and changes in body weight.
Results Both the operative and anastomotic times were
significantly shorter in group D (230 and 13 min, respec-
tively) than in group RY (258 and 38 min, respectively)
(p \ 0.001). Among the complications observed at the
anastomotic site, obstruction was seen in one group D
patient and two group RY patients but was relieved with
conservative management. Postoperative clinical symp-
toms were reported for 26.4 % of the group D patients but
had decreased to 5.9 % 1 year later. Group RY yielded
similar results. Upper gastrointestinal fiberscopy performed
1 year postoperatively showed no intergroup differences in
the incidence of gastritis or residual retention and a sig-
nificantly more frequent occurrence of bile reflux in group
D. Postoperative weight changes did not differ between the
two groups.
Conclusions Delta reconstruction after LDG is a safe and
effective procedure that is totally laparoscopic, less time
consuming, and associated with a favorable postoperative
course and a better quality of life.
Keywords Delta-shaped anastomosis  Laparoscopic
distal gastrectomy  Intracorporeal gastroduodenostomy 
Billroth I reconstruction
Laparoscopic distal gastrectomy (LDG) for gastric cancer
is known for its minimal invasiveness and better cosmesis.
Hence, it is considered useful and continues to be an
increasingly common option for gastric cancer treatment
[1–5]. However, LDG techniques are yet to be standard-
ized, including the number and location of ports, the lymph
node dissection method, the use or omission of minilapa-
rotomy, and the reconstruction method. Of these, the
reconstruction method is the most likely to affect the
postoperative quality of life (QOL) for the patient. Various
techniques have been developed, and their outcomes
reported [6–15].
The anastomotic procedures commonly used for recon-
struction after LDG, as in cases of conventional laparot-
omy, are Roux-en-Y (RY), Billroth I (B–I), and Billroth II,
with B–I and RY preferred. Several studies have compared
B–I and RY to date, with reported findings showing the
superiority of RY in terms of postoperative course [10, 11,
22]. However, opinions remain divided. Special techniques
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and Other Interventional Techniques 
and approaches are needed to perform the aforementioned
reconstructions under the LDG-specific visual field and
under limited operability.
Numerous reports have been published on reconstruc-
tion using hand-sewn or stapled anastomoses with an
adequate visual field ensured under laparoscopy or mini-
laparotomy. Basically, these techniques were originally
used for open surgery, and each technique has its strengths
and weaknesses. The surgeon’s preference determines
which method and technique for reconstruction is used
after LDG.
The delta-shaped anastomosis (Delta) was first reported
by Kanaya et al. [6] in 2002 as an intracorporeal B–I
anastomosis for LDG. It is an application of a functional
end-to-end anastomosis used in operations of the small and
large intestine to the anastomosis between the duodenal cut
end and the gastric remnant, which is a unique technique
not used in either LDG or open surgery.
Reports by Kanaya et al. [6, 7] indicate that Delta is an
excellent reconstruction method performed under total
laparoscopy that can be completed in a short time. How-
ever, the utility of Delta (as B–I) compared with RY has
yet to be demonstrated. Given that Delta was developed to
perform B–I in LDG, obtaining the advantages of B-1 over
RY is a possibility that has not been obtained to date. It is
necessary to validate whether adapting the delta anasto-
mosis in LDG achieves the superiority of a less invasive
procedure than RY for the patient including less blood loss,
a shorter operation time, and a better postoperative QOL,
which are noteworthy results that have been reported.
We have performed Delta reconstruction for LDG since
2003. This is the first comparative study of Delta and RY
that reviews operative outcomes and postoperative courses
of LDG after Delta and RY with the aim of clarifying the
hypothesis that Delta is a safe and useful anastomosis.
Methods
Patients
Of 253 patients who underwent LDG between January
2008 and March 2011 at Kitami Red Cross Hospital or
Kariya Toyota General Hospital, 165 patients with patho-
logic stage 1 gastric cancer who had been followed up for
1 year or more postoperatively by the end of April 2012
were selected for this study. The patients with Delta after
gastrectomy performed by a single surgeon (H.K.) who
specializes in this reconstruction method were assigned to
group D (n = 68), whereas those with RY undertaken by
another single surgeon (S. T.) who specializes in the RY
reconstruction were allocated to group RY (n = 60). The
two surgeons are both board-certified specialists of the
Japan Society for Endoscopic Surgery. Their combined
experience totaled more than 100 LDG cases before the
aforementioned designated study subject selection period.
The status of the patients in both groups was classified
according to the Japanese Classification of Gastric Carci-
noma Version 13 (translation: 2nd English version) [16],
and treatment was provided as per the Gastric Cancer
Treatment Guidelines for Doctors’ Ref. [17].
Operation methods
The operation was conducted with the patient in a leg-split
position under general anesthesia. A 12-mm subumbilical
video port was used. As operator ports, a 5-mm port in the
right hypochondrium and a 12-mm port caudomedial to the
first port were placed a fist width apart. As assistant’s ports,
a 12-mm port in the left hypochondrium and another
12-mm port at the umbilical level caudomedial to the first
port were placed.
The operation was conducted at a carbon dioxide (CO2)
insufflation pressure of 8 mmHg (Fig. 1). Either D1 ? b or
D2 lymph node dissection was performed [16, 17]. In all
cases, the hepatic branch of the vagus nerve was conserved,
whereas the celiac branch was resected. Gastrectomy with
gastroduodenostomy or gastrojejunostomy was performed
using 45- and 60-mm endoscopic linear staplers.
Delta was performed according to the original procedure
developed and reported by Kanaya et al. [6, 7]. The
umbilical port wound was extended to about a 3-cm ver-
tical incision, through which the resected stomach segment
placed in a retrieval bag was extracted. The wound then
was sutured back to the original port wound size and re-
insufflated with CO2. A functional end-to-end anastomosis
of the remnant stomach and the duodenal stump was cre-
ated by firing a 45-mm linear stapler three times intracor-
poreally (Fig. 2). No additional postanastomotic sutures
were used to strengthen the anastomotic site.
The following procedure was used for RY reconstruction.
A 5-cm-long minilaparotomy was performed in the left
upper abdomen or the epigastric region. The distal part of the
Fig. 1 Patient position, arrangement in the operating room, and port
sites
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stomach was exteriorized through the laparotomy, and a
distal gastrectomy was undertaken extracorporeally under
direct vision. The jejunum approximately 15 cm distal to the
ligament of Treitz was extracted through the laparotomy and
transected. A side-to-side jejunojejunostomy was con-
structed between the proximal jejunal stump and the distal
jejunal portion about 20 cm below its cut end by firing a
45-mm linear stapler. The laparotomic opening was rein-
sufflated, and the distal jejunal stump was brought up to the
gastric remnant in an antecolic manner. Gastrojejunostomy
was performed by creating a side-to-side isoperistaltic
anastomosis of the distal jejunal stump to the greater cur-
vature of the remnant stomach using a 60-mm linear stapler.
The entry hole was closed under direct vision through the
laparotomy. In each patient, a closed drain was placed on the
dorsal side of the remnant stomach as an information drain.
Postoperative follow-up evaluation
All the patients were managed postoperatively in a similar
manner following the critical path. The gastric tube was
removed the day after surgery (on postoperative day [POD]
1), and ambulation training was initiated. Water intake was
allowed, starting on POD 1.
On POD 3, contrast gastroradiography was performed
for all the patients to examine the anastomotic site for
leakage and food passage status. A liquid diet was started
after the absence of any abnormalities had been confirmed.
On POD 5, the drain was removed, and the patients were
started on a soft diet. They were discharged between PODs
8 and 10. Thereafter, the patients were regularly followed
up on an outpatient basis.
The patient characteristics of each group and the intra-
and postoperative data of individual patients were assessed
including operative time, anastomotic time, intraoperative
blood loss, length of hospital stay, and complications. The
anastomotic time, defined as the period from the initiation
of the Delta procedure to the completion of anastomosis for
group D and as the total time needed for jejunojejunostomy
and gastrojejunostomy for Group RY, was computed based
on the video feeds from the laparoscope, and the operative
field camera was used intraoperatively.
The patients visited the outpatient department 1, 3, 6, 9,
and 12 months after discharge and underwent body weight
measurement and questioning regarding clinical symptoms.
Patient medical records were thus created from the col-
lected data and used to compare weight changes, symptoms
(e.g., heartburn, heavy stomach feeling, reflux, dumping
syndrome), and medication status between the groups.
Upper gastrointestinal fiberscopy (GIF) was performed
1 year after the operation, and the findings obtained were
assessed in accordance with RGB (food Residue, Gastritis,
Bile reflux) classification [18]. All data were expressed as
median values. Statistical intergroup comparisons were
undertaken with a Mann–Whitney U test or a v2 test using
Fisher’s exact probability. All p values lower than 0.05
were considered significant.
Results
Table 1 summarizes the patient characteristics of both
groups (n = 128). The groups were well matched in terms
of sex, mean age, and body mass index (BMI). The
Fig. 2 Schematic outline of the
delta-shaped
gastroduodenostomy. A Small
incisions are created along the
edge of the remnant stomach
(arrow) and the duodenum
(arrowhead), and the forks of
the 45-mm endoscopic liner
stapler (white arrow) are
inserted. B The posterior walls
of both the remnant stomach
and the duodenum are
approximated, and the stapler is
fired. C The created V-shaped
anastomosis (arrows). D The
entry hole is closed by firing
two more 45-mm staplers
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pathology of the excised specimens showed no intergroup
differences in the percentage of stage 1A and 1B patients or
in maximum tumor diameter. The length of the proximal
margin (PM) and the distal margin (DM) from the tumor in
the resected specimen [16] measured 52.2 and 70.9 mm
respectively for group D while measuring 39.1 and
47.7 mm for group RY, with both the PM and DM lengths
significantly longer (p \ 0.001) in group D.
Group D had a shorter median operative time (230 vs.
258 min) and a significantly lower median blood loss (21.5
vs. 50 mL) (p \ 0.001) than group RY. The two groups did
not differ in terms of lymph node dissection status (D1 ? b
and D2): group D (n = 57 and n = 11, respectively) and
group RY (n = 44 and n = 16, respectively). The median
anastomotic time for group D (n = 68) was 13 min, which
was significantly shorter than for group RY (38 min;
n = 42) (p \ 0.001) (no video feeds from the operative
field camera were available for 18 patients).
With regard to postoperative complications, one group
RY patient experienced mesenteric hemorrhage, which
necessitated a second operation, whereas no patients in
group D required a repeat operation. Obstruction was
observed in one group D patient and two group RY
patients, all of whom were rehospitalized and placed under
conservative management. The median hospital stay did
not differ significantly between the two groups (9 days for
group D vs. 10 days for group RY; Table 2).
The number of patients who presented to the outpatient
department with heartburn, heavy stomach feeling, reflux,
or dumping syndrome symptoms was 18 (26.4 %) in group
D and 16 (26.7 %) in group RY, with no significant
intergroup differences. Mosapride citrate hydrate, proton
pump inhibitors, or H2 blockers were prescribed as
appropriate for symptom relief. Symptoms persisted for
1 year for four group D patients (5.9 %) and six group RY
patients (10 %), with only four patients in group RY
(6.7 %) requiring medication. Dumping syndrome symp-
toms were reported for two group D patients (2.9 %) and
one group RY patient (1.6 %) but improved solely with
dietary instruction (Table 3).






Male/female 39/29 45/15 0.06
Age: years (range) 68.5 (45–89) 68.6 (44–87) 0.94






30.0 (8–140) 24.6 (3–90) 0.06
PM/DM (mm) 52.2/70.9 39.1/47.7 \0.001
BMI body mass index, PM proximal margin, DM distal margin
Data are expressed as medians
a Group D underwent laparoscopic distal gastrectomy (LDG) with
Delta anastomosis
b Group RY underwent LDG with Roux-en-Y anastomosis















Blood loss (mL) 21.5 50.0 0.003







Hospital stay (days) 9 10 0.07
LN lymph node
Data are expressed as medians
a Group D underwent laparoscopic distal gastrectomy (LDG) with
Delta anastomosis
b Group RY underwent LDG with Roux-en-Y anastomosis
c Classified according to Japanese classification of gastric carcinoma
[16]
d n = 42






Symptoms 18 (26.4) 16 (26.7) 0.98
Heartburn 8 3
Heavy stomach feeling 11 12
Reflux 12 12
Dumping syndrome 2 1
Continuation of symptoms
1 year later: n (%)
4 (5.9) 6 (10) 0.59
Continuation of medication
to treat complaints: n (%)






PPI proton pump inhibitor
Values express numbers of cases; symptoms include overlap
a Group D underwent laparoscopic distal gastrectomy (LDG) with
Delta anastomosis
b Group RY underwent LDG with Roux-en-Y anastomosis
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Weight change did not differ between the two groups at
any of the designated postoperative time points of 1, 3, 6, 9,
and 12 months. Both groups exhibited a tendency toward
weight gain at 6 months and thereafter (Fig. 3).
Upper gastrointestinal fiberscopy was performed 1 year
postoperatively for 51 patients (75 %) in group D and for
48 patients (80 %) in group RY. The GIF findings for
group D included a large-diameter, oval-shaped anasto-
motic opening, which was twisted dorsally (Fig. 4). The
findings were assessed as either grade 0 or 1 or higher
according to the RGB classification. No intergroup differ-
ences in terms of food residue or gastritis were detected.
The number of patients with bile reflux was significantly
higher in group D (n = 30, 58.8 %; p \ 0.001; Table 4).
Discussion
Laparoscopic distal gastrectomy is rapidly becoming a
common option for gastric cancer treatment. Although a
variety of techniques have been developed for LDG [1–15],
a standard reconstruction method and techniques for con-
ducting a safe operation are yet to be established, making
their standardization essential for more widespread use of
this procedure.
The RY and B–I approaches are commonly used for
reconstruction after LDG. The RY procedure is reported to
be associated with a lower incidence of anastomotic leakage
and a favorable postoperative QOL [10, 11]. However, this
procedure is laborious, requiring two anastomoses and one
duodenal stump closure, and involves a risk of internal hernia
and Roux stasis syndrome, among other complications.
The B–I procedure, on the other hand, is advantageous
in that it requires only a single anastomosis, retains
physiologic food passage, and poses no risk of internal
hernia. However, the disadvantages of B–I reconstruction
after LDG include a higher risk of anastomotic leakage
compared with RY and difficulty securing a satisfactory
visual field under a minilaparotomy due to limited mobility
of the duodenal stump [2, 4, 5, 19, 20].
In contrast, Delta, a totally laparoscopic intracorporeal
procedure completed with a linear stapler alone, offers the
advantages of being virtually unaffected by patients’
physical constitution in securing of the visual field and less
subject to variation in the surgeon’s suturing skill level.
Kanaya, the developer of Delta, together with colleagues
[7] reviewed the outcomes of their first 100 consecutive
Delta cases and obtained the following findings. Surgeons
were able to master the learning curve quickly and the
required skills for the procedure, and patients were dis-
charged early with adequate food passage after surgery,
with only one case of complications (minor leakage) and
minimal damage to the abdominal wall. They concluded
that Delta was a useful anastomosis reconstruction tech-
nique based on the aforementioned observations and a
good postoperative QOL, as indicated by adverse event
reports consisting of only mild complaints and dumping
syndrome (1.3 %) during the outpatient follow-up period.
Sharing the same opinion, we conducted Delta under the
assumption that Delta can be performed in a short operative
time under full laparoscopy. We believed that the postop-
erative course should bring better results as well and that
the different results should be seen when RY and con-
ventional B-1 are compared.
The current study showed that the median operative time
for Delta was 13 min, which was significantly shorter than for
RY. A reconstruction method that can be completed in 10-plus
minutes after gastrectomy is appealing for health care pro-
viders. In addition, it differed favorably in both blood loss and
operative time, attributable to the absence of both an
abdominal incision and mesenteric handling, and to the min-
imal number of anastomosis required. From the patient’s
perspective, Delta is a less invasive and thus more beneficial
procedure with a shorter operative time and less blood loss.
Regarding anastomotic-site complications, obstruction
was reported in one Delta patient and two RY patients.
Anastomotic leakage, the most significant problem with
anastomosis, did not occur in either group. The possible
causes of anastomotic leakage and obstruction include
tension and blood circulation at the anastomotic site.
Anastomotic-site tension, related to the size of the gas-
tric remnant, is a particular problem with B–I. Although it
is difficult to measure the size of the post-LDG remnant
stomach, the specimens in the current study showed a
longer PM and DM with Delta than with RY, indicating
that the remnant stomach was smaller on the average in
Delta patients.
Fig. 3 Weight changes over the first postoperative year. No signif-
icant intergroup difference was observed at any time point. Horizontal
axis: time from the operation. Preope preoperative. Vertical axis:
median % weight at 1, 3, 6, 9, and 12 months, with the preoperative
weight as 100 %
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We contend that with RY, a visual field secured under a
minilaparotomy makes it possible for the surgeon to locate
the tumor and to perform gastrectomy to just the extent
necessary, whereas with Delta, difficulty identifying the
tumor’s location under total laparoscopy results in the
removal of two-thirds to three-fourths of the stomach, as is
typical in a standard gastrectomy.
The aforementioned finding indicates that with Delta it
is not necessary to try leaving as large a segment of the
stomach as possible in consideration of postgastrectomy
tension and that standard distal gastrectomy will suffice,
with the anastomotic site capable of withstanding the
resulting tension. Regarding circulation at the anastomotic
site, Delta carries a risk of ischemia in the duodenal stump
because the tissue around it is dissected to prepare a margin
for suturing, and also because of the anastomotic alignment
that results from the reconstruction.
Computed tomography performed during rehospitaliza-
tion showed that the Delta patient who experienced
obstruction had edema and panniculitis at the anastomotic
site. Transient edematous narrowing at the anastomotic site
appeared to be a probable cause of these events. Because
edematous narrowing is likely associated with impaired
circulation, excessive dissection of periduodenal tissue
should be avoided in Delta to prevent ischemia.
Obstruction also occurred in two RY patients, but in
contrast to B–I cases, stasis in the jejunal arm was sus-
pected as a probable cause [21]. In early gastric cancer
cases, the greater omentum outside the dissection area is
preserved, and with Delta, unlike RY, the intestinal tracts
inside the greater omentum can be left unmanipulated.
Therefore, Delta is less associated with postoperative
events such as bowel dysfunction including stasis, internal
hernia, and mesenteric hemorrhage. We have been main-
taining the jejunal arm for stasis prevention in RY as 20 cm
short. The result is that the remnant stomach has been
larger on the average in RY patients, with gastrectomy
performed under the direct vision of minilaparotomy. In
future studies, it also is necessary to examine whether there
is a possible contributor to increased delayed gastric-
emptying symptoms. Because of the aforementioned fac-
tors, Delta is an anastomosis method that can be quickly
and safely conducted, as well as a procedure that with-
stands tension to the extent that caution is exercised against
the possible development of duodenal ischemia.
Upper gastrointestinal fiberscopy showed that Delta is
an anastomosis with a spacious opening. This may lead to
problems such as postoperative gastritis secondary to reflux
of bile and pancreatic juice from the duodenum and
dumping syndrome due to rapid food passage.
In the current study, Delta and RY did not differ in terms
of clinical symptoms or medication. Dumping syndrome
Fig. 4 Upper gastrointestinal
fiberscopy 1 year after Delta.
A Closeup image of the
anastomosis. The opening is an
oval with a sufficiently large
diameter. B Distant image of the
anastomosis. Neither gastritis
nor food residue is observed.
The opening is twisted dorsally
(arrows)
Table 4 RGB scores
Group Da (n = 51)
n (%)
















Grade 0 21 (41.2) 38 (79.2) \0.001
1 30 10
RGB food residue, gastritis, bile reflux [18]
a Group D underwent laparoscopic distal gastrectomy (LDG) with
Delta anastomosis
b Group RY underwent LDG with Roux-en-Y anastomosis
c Score 0 versus 1 and higher
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symptoms were reported in only 2.9 % of the Delta patients
and improved with dietary instruction. Upper gastrointes-
tinal fiberscopy showed a significantly greater number of
patients with bile reflux in the Delta group, whereas the
incidence of postoperative gastritis and food residue did
not differ significantly between the groups.
Kanaya et al. [7] also reported that the higher bile reflux
incidence in Delta patients was unrelated to clinical
symptoms. In addition, these authors noted transient
retention of contrast medium at the anastomotic site from
contrast gastroradiography performed several months after
a Delta operation, as opposed to rapid passage observed
soon after the operation. It was suspected that this transi-
tion in passage conditions is the reason for the low inci-
dence of dumping syndrome symptoms in Delta patients.
Other researchers comparing RY and B–I have reported
an association of B–I with more frequent occurrences of
dumping syndrome symptoms as well as bile reflux and
postoperative gastritis, as shown by GIF [10, 11, 22]. The
B–I assessed in these studies involved circular-stapled or
hand-sewn anastomosis, unlike the procedures with Delta.
Delta may entail certain mechanisms to prevent rapid
passage and reflux, which may explain the inconsistency
between the aforementioned findings obtained with B–I
and our results with Delta.
Upper gastrointestinal fiberscopy showed the presence of
dorsal twisting at the Delta anastomotic site. In addition to
the twisting between the remnant stomach and the duodenum
caused at the time of reconnection in Delta, the stomach is
suspected to expand and lean anteriorly after food intake,
imposing a further twist to the anastomotic site and thereby
preventing rapid food passage. During fasting, which is when
GIF is undertaken, bile reflux may occur through the wide
anastomotic opening, but after food ingestion, dumping
syndrome is expected to be less likely due to greater twisting
at the anastomotic site and the resulting food retention.
Regarding weight changes, a similar level of weight
gain was observed in both groups. This likely was attrib-
utable to the absence of differences in postoperative food
intake conditions due to an absence of differences in
postoperative clinical symptoms. Based on the aforemen-
tioned findings, Delta does not differ from RY in the course
of the first postoperative year and does not pose any sig-
nificant problems for QOL.
Delta has been gradually gaining popularity in recent
years, with improved techniques as well as short- and long-
term favorable outcomes reported from several studies [7,
12, 20, 23, 24]. The results of the current study comparing
Delta with RY demonstrated that Delta is a useful anasto-
motic procedure because the postoperative course and
QOL, observed to be better in RY than in conventional B–I,
was not inferior to RY. In addition, Delta had an evidently
shorter operative time.
The current study, however, was a retrospective cohort
study biased in several respects including its involvement of
interoperator differences and its restriction to early cancers
as the target disease. In addition, a limitation existed in that
internationally validated questionnaires were not used for
evaluation of postoperative clinical symptoms. Moreover,
due to the limited number of cases, the observation period
was for only 1 year. By extending the observation period and
by collecting more cases, new results may be obtained.
Further investigation of Delta in a randomized clinical trial
setting is needed to validate its safety and feasibility.
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